Introduction
In the field of magnetic resonance imaging (MRI) the use of spheroids has attracted considerable interest as building blocks to model and predict magnetic fields around biological structures [1] . MR-Osteodensitometry utilizes inhomogeneous magnetic fields within trabecular bone to gain information about its mechanical competence [2] . A qualitatively example of a gradient echo image of a normal knee joint is given in Fig. 1 , where susceptibility effects between bone and bone marrow cause a fast decay of the resonance signal. Generally, models consisting of infinite cylinders are applied to study the field properties of such osseous networks. The infinite extent of assemblies of such cylinders renders such models incapable of assessing the fields in the vicinity of micro cracks. Alternatively, spongy bone can be modelled as arrays of spheroids, in conjunction with their analytical solutions derived in spheroidal coordinates as e.g. in [3] . Thus, structures of interest must be modelled in spheroidal systems or it is necessary to transfer computed field values into the desired coordinate system. In order to overcome these restrictions we derive novel analytical formulas, wherein the magnetic fields for prolate and oblate spheroids are entirely expressed in Cartesian coordinates. In addition, we demonstrate their applicability through computing the impact of the field inhomogeneities onto T2′ along trabecular rarefaction within a simplified 3D vertebra model.
Methods
The solutions were derived from the potential and field of the spheroid in a given uniform magnetic field [4] . Reexpressing the resulting Legendre functions by elementary functions, thereafter applying transformation equations we obtained the solutions in Cartesian coordinates. The general case with arbitrary symmetry axis n was derived by decomposing the field vectors in components parallel and normal to n. This description is rather concise; details may be found in [5] [6] . To evaluate the field distribution within the spongy bone a two-compartment model, consisting of marrow and bone, was utilized. Prolate ellipsoids were appropriately arranged within a 3D unit cell to mimic the trabecular micro structures. The trabecular micro fractures were simulated by replacing each of the intact trabeculae with two opposed shifted version (Fig. 2) . The impact of the disturbances on the signal course of the free induction decay was analysed by computing the signal magnitude according to [7] and approximating the resulting transversal decay time T2′ by means of a mono-exponential function.
Results
Exemplary, the reaction field H r1,z and the resulting field lines of a prolate ellipsoid for two different orientations with respect to the main magnetic field are given in Fig. 3 .
Figure 3:
The reaction fields were computed using following parameters: H 0 = 2.387×10 6 A/m aligned along z-axis; the susceptibility of bone marrow χ 1 = -0.62×4π×10 -6 , and bone χ 2 = -0.9×4π×10 -6 . H r1,x (x,z) and H r1,z (x,z) were utilized to compute the field lines in the x-z plane, overlaid onto the reaction field H r1,z (x,z). The axial ratio of the cross sectional ellipse was 1:2. An external H 0 field was applied along the z-axis. The orientation of the main axis of the spheroid to the z-axis was set to π/4 for (A) and -π/4 for (B). The homogeneous field within the disturber and the strong field disturbances in the surrounding of the edges are clearly visible, in accordance with basic theory of magnetostatics. 
Discussion
The novel analytical expressions were successfully applied to the field of MR-Osteodensitometry, proving its advantage that it is very easy to model and investigate structures built from spheroids with different axes and positions. There is no need of complicated coordinate transformations. The novel expressions make it possible to study bone rarefaction along osteoporosis, whereby either cracks of the horizontal, the vertical or arbitrary structures are accessible for modelling. Possible further applications are the computations of induced reaction fields in the surrounding of vascular networks, or of magnetic distortions for techniques using the proton resonance frequency shift method.
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